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(54) MAGNETIZATION CONTROL METHOD. INFORMATION STORAGE METHOD. MAGNETIC FUNCTION ELEMENT AND 
INFORMATION STORAGE ELEMENT 

(57)Abstract: ... > - 

PROBLEM TO BE SOLVED: To easily control magnetization without using a 
magnetic field. 

SOLUTION: A potential barrier region 12 is so provided as to directly or 
indirectly contact a region 1 1 containing a magnetic body. The region 1 1 
comprises, for example, a laminated structure where ferromagnetic body 
layers 11a and 11b are separated by a non-magnetic intermediate layer 11c. 
The potential barrier region 12 comprises, for example, a metal layer 12a 
and a semiconductor layer 12b. between which a Schottky barrier is formed. 
The change of a potential barrier of the potential barrier region 12 under 
application of electric field controls magnetization of the region 1 1 
containing magnetic body. At least, one region 1 1 including a magnetic body 
is used to store information. 
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3o «tt*Sr**tp«ttc 1 1 tt«i« 2 JfcoftBttft/l 1 
1 a, 1 1 b^«t*(0+W8l 1 c(w.to"C»«t$n 

fi'^se 1 2 a fcit/^affrgi 1 2 b a*p>fc 9 % ttib 

tfx > ■> -v 1 2 W/lff v /MWiScoSJBIi;: 

tfc&a tH^feJc 1 1 co«ffcco/Wj: < *> — j£;/Hi *TfS IB 
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[1**4 l 1 «tt*S:^trfH«i:iI«*fctt|IB«tt«c 
8ci~<5 J: ')C^T>yt ,upt ifRK £ iae l . 
^co^^>->-v /i^'lgfjifejco^x > v -v 'HWll<0^iflt;: 
J: or. ±ia«ttl4**^tr««co«S(tS:M«i-*-5 J: ') K 

[W** 2 ] ±SEKtt*Sr^tp««tt«»eo3S«i4# 

-hEtf x > > -V /nwiifflSctt c co^iffiitcofs/i^^] co 

oo x v > -v ^PfMil co ^v 1 >- •> -v /uptllcoiS £ & £ 
tf/*fctt«frfM»-t-« ^ it J: 9 % -bEB£tt#S:£tr 

w-rz x o \z istiz. t zft'&t-r z> ss**i 1 Ettcoawb 
•wu 

.hEtfx ^ /H»«««tt w <o«SfliitcofllJf * [6] co 
*WI-EHS*Lfc**^ 

C co tfy^ > > -y /MSilJicotf > > * /upf Hcoji; $ .J: 
t>V s tc \* m & z co a* ^ > -v /up$ §g jf ^ co ^; * co ad 

co±iea»co««ttA«Ji<o«ft^S»WEIlteJWi- 
S J: 3 Lfc^ t Sr»«fc-r«fl|#4l i EttttBfcMft 

«/■ ^Nifctt&JR + W« J: o r $ ix^fflf«*it *r 
fL, 

> > -y Mtmmmiz z (ommmM(omm^\^<o 
^mmkek $ thizn&&&mfr e> # 5 # t 5 - > * ^m^m 

- co ztfr- v v- /up^iiS co ytf-T v > ^ /upf igco & $ ft .J: 
LNV * fc Sr C co aK x v > ^ /upfil/i — co M # co flo 
\Z£^xmffl-f%Zt\z£*) x ±E«te#S:£trf»«l*a 
<o±f2«»coSffitt^JRJBcoK{bcoffi^MEB*ffl^i- 
5 J: (c tt:i «:»* £+51**4 1 Ett<o«fbfHfP 

[If** 5 ] ±EKtttt:S:*tr««tt*— co3fi«ttflE 
9 , 

±Etf t 1 >- > -v ^KiRtttt c £>ttfl£t£ft/| iz % — w^f 
« W±cojf: £ co#«ttf«B £^ J: •) ICEK $ 

c (DtfT is •> -v /M^liSco^f 1 > > * /uptScoK $ *J £ 
il l E*co«fbWW*ffio 
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mu±<nm £ coJMKttttJI Sr^ It »i- -5 J: 9 |:EB $ 
nfc <h co*® l^ffM $ > ;up^fi® 

C 604fx > > ■Y^Mm<D7#7 L > is -Y /UPtHoOiiS $ iS X 

iz £ oxmm-f Z> Z t t,z £ *) . JbE5Sfitttt*S<0^t^ 
*r6lS:MW-t-*«t Oiw tfcc t -raw** IE 

[1**4 7 ] ±E«W4»:S:^trfS«tt#-co»att# 
±E^x > •> v/u|«B*«tt w «o»«tt*« iz s -m* 

m w±coi» $ co#s«£*e l xt^-r 5 j: •) ^ek $ 

ftfc*ft«fWi;&* ^ * -5 sJf r- > •> -V r fc 19 , 

^ CO tfT > is Y CO/tnT" l/i/-Y Mt^COm $ *3 £ 

\z£<DX»m-rZZ t(z£ «9 , ±E3fi«tt#Ji<7>«{t:co 
#lfll4:»J»i-S± *){^LfdC^^if#m^r5!f*iIlE 

»+5 «t 3 J-^v^-^yHWfiWWSrEHL, 
- co^Kx v > y /up^ilffiiScO/Kx > > -V /uptfico^pi- 
iot, ±E«ttf*:Sr*tP««co«fkS:*J»L^ 
±E«tt*S:*tr«*<o«ffc;co^/j:< <h t— oSrfflv^T 
«f«Ett«rl? -3 J: 5 L -fcr. t Sr»«t-f-5**E«* 

[»*« 9 ] ' ±E8«t*S:$tfffi«ttattfiO»«tt* 

±fS^K-r > v- -v ^pa@ggJgc^ C coflfSfff itcofSJl^T&lco 

^(RjtcER^nfc^-r^v-^yufftilST'fc 0 % 

C CO 7tf X ^ '> -Y ^tmm CO #7" V *> -V /Ht §tC0 $ *3 £ 

««rt<o±E«a<o»«tt»H^«ftcolBS*»E«S:»J 

±E«tt*«r$tr««cD«ft«Q/>4< t <>— oSrfflv^T 
*«E««:fT-3 J: 3Tc LfcC «b Sr#«ii-5»*Jl8E 
*co«*E«*fc 
[1**41 1 0 ] ±Enttt*«:^trtHttli:«ftco9liaEtt 

±E^x > > -vvuMEitflitttt C co«^^3t^o«ii^^ co 

w co rtv- ^> is -Y yuWlgii co ^ > >> /up*lico ffi £3s£ 
xi/ i fc { i <g ^ c co # x >- •> -V /uHtiiJi — co co EPAd 
.t o t«»t 5 c t «9 . ±E«tt*S:^tp*l«rt 
^JiEfflm^?S^i4-^JRJico«fta)taw^E«&»J» 
L „ 

±Eatt»t^tp«*Ecoafkco^/j:< t t-oSrffl^-C 
«*RE««:ff 0 J: ) Lfc ^ t &*mt -f 51* ** 8 E 



(2) 



1 1 ] ±E«tett&£tr«tfH*«&c9ft(m£ 

"Cfc 9 , 

C to tK-t- y -r /up$fg Jf cotKx vuWigco S $ X 

xi/ %tz.\±$g->£^(Dis^is > -\- -co m ^ CO frVjfl 
co±E««<o»«tt&««co^ 

««E«&tT 9 J: -) H L fc: 1. t t 5 8 E 

ttcottfRIStf^&o 

l 2 ] ±E»tt#S:^tr1B*»±#-co»«tt 
flW**b*9, 

hfcjRf > t ^WllTfc 9 % 

C cotKt" ^ is ^ f^WSM (O^yy-y /upf |gco jft $ fc; J: 

[1**41 1 3 ] ±IE«tt*Sr^tP«*ttJti-eO»«tt. 

ffcn^ft9 > 

ti^#2»(*:a £ colp.ffitc^fiESnfcsK-r > > -y 
-Cfc9 , 

si CO zKt- V > -f./uPtlgJi co tf?^ > > -\' ^P#licO fft £ *3 .fc 

ov ^/ci*^^r^co^^>^^ ^Pt mm ^ co co fn >jc 
*rtisr»j»-r5 J: v *i Ltzzt&w&t-fzmMm s e 

fWI^bft 9 , 

±is^7^ > •> -v 'i>mmmm± z <D%m\t»m \z . — /b^f 

ftfclfeHtWi rt> b ft 3 ^ > -y /uWiiJf Xfo 9 , 
^ co^x > > -v >M»§iJf 7* > •> -y /upf §ico^ $ & J; 
O'/Sf: 13*1 £r r. cO/Kx > i/ -y n^IiJI^ co«i!it</.)P|] Ad 
(i J: o T^JfSi-T S * t li J: 9 , ±E»«ttfWl<^«ft<0 
ft SrWWf * .fc 0 K Lfc c ir Sr#® & £ If *rg s IB 
«tcott$Rf£tt^ffio 

1 5 ] «tt#S:$tpflH«i:ii:»*ti±miS6?i 

wu 

coxKx ^ •> -v ^P*§g«gJ* co^-z- > v v 'MSSiico^tBH 
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(*s ^ s * r$m iz x o r »«t nfc»ai»i6S:* t , 

-bEtfx > > V ^P*§l«S«fi c cofSg^jtcofSg^^i co 
^ttJJcEK $ 4x Tjf -7 >- > -v /H*SS T*> 0 , 
wCOtKx > > -V /up^§gilcOzK^>'>'V /up^fgcOi^S^ct 

W-T6J:-3^Lfcci:S:*W«i:i-5lll*qii 5K*co^ 

^ co > > vHi$§gJf co > > -Y /upfgco^ $ *5 J: 
t>V *^ (4*S vl co ?K ^ ^ is P^ig/f — co f£# CO 
ii J: o 'C©J»-r 5 1.^(1^^, iE«tt*4r^tpS«rt 
coJiielS^co^l4^®co»fkcoffl^IEg^SU»^ 

^*«tt&JR * MJi ii <^ o T 5t« $ 

±te^^ > > /ukmku - (ommmmcomm^co 

^MPJJ diets: $ iifc$feltffS/0- b ft 5 zK-z v > ^ /up$MS 

- co 7K ^ > > -y ^mmm (DtfT^io-Y >i>mm<om $ *s <t 

t>V*fcil4iJS^l.cO/Kx>'>'^/up*ig®-- coS#coriAp 
HJ:oTM»t5lt(:J: 9 , ±l5Kit(t:S:^trfflJSrt 
co±telsmco^tt^K®co®ftcoffi^ES^*JI»^ 

[»*JS 1 9 ] ±BM4*fr£tr««ttJ|l— 
»:S^6ft9 , 

±f£^ x > > /^P^fg^i«(4 r ^>3*«tt»:* il % -JWT- 
Z(T)^"r>y -v yupf fg® co >- > -V /uptigcoft $ J: 

m 1 5 mmcomnmrnm^ 

±m^-ry^^^mmmmtz(o^m^m^z^ — jor^ 
<x/^^w*fli t c.^ffiiiffM $ ixtztf^ > iy^^mmm 

XthV , 

C CO Ttf f 1 > > -y yupf co aKt" > y /L^ptigco m $ *5 «t 
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XI/ * fc i i f§ £ C (D ytf r y'y -y > ^ PtM H ^ (O W>W <0 /ID 
lw±o-C#J»-t-SCtlwJ;9, JbES«fif»B<o«ffc:cD 

2 1] . ±IEKtt*«r^tffB«tt*-cr>»«tt 

9 . 

> -y /i-fgmmm* z <o%m&fcm t- • — k-t- 

r. cotf?^ > v--v /up» iggco/if x v v- ^P$i£coiii $ fcs X 
t>V * fc W S: c co s« 7 s - > > -V ^MEHS — (DM co ep *D 
k: J: o Tfrj 5 :ti:i?, JbESfifflftfefcli <o«{fcco 

[»**2 2] «tt**^tpfH*i:iE*.*fcliBISEtt 
*U 

:co*r>->f yupf liSi*co v > -v /upfiico^iiic 

W«E«*fT5 J: 5 K Litr 4: fc#»£^£tf«E«* 
2 3 ] ±Effl*fe#«:*tr «««i«»co3S«Stt 
±E^ > *> ^ /up$ |gSi§)c(i C coffljffffig co«®.*f fa co 
Z(07^v L ^iy-y /UfSii® CO^X ^ v- -V /UUftfgcOiS £ & £ 

fPtejcrtco±fe|g^ 

W«f£«SrfT9 J: 5KLfc;i£*»1Sfc^5W#iS2 2 
EftOftfREltUt^o 

iEtf^^vupf^i^ 
v'-YA'StitJf T-fc>9 , 

w co ztf > •> -v /up$il@ co Ttf 7 1 > > a- vulWKco $ jo t £ 

XI/ & fz f ± m Z co # =r > US — co H # co EP rtn 

£ J; o X M f0 -T 5 C t lz X 9 % ±EBH4# & $ tr «tt 

<^±ffi1S%<o^Ki4^jRJicoKftcoffi»WiaK*SJIW 
L, 

«*IE« Srfr 0 J: 9l:Ltct i -f 5 M*4 2 2 
iS$feco«$RlEtt^^- 0 



cc/^k-7">^-v ^we co sjf -r v ^ ^mm com & tax 
xi /& tc tem&zwtfr^ > y /uptiis— <omft<D£f\m 

co±fE1Slftco3*Ki4^JRa60«ft60ffi»Wi£«Sr*J» 
U 

W«E«S:ff 0 J: 5 K L fcC t ^-511*^2 2 
E*cotffSfettm^- 0 

2 6 ] ±Efltttff jfc^tf <oa«ft 
9, 

c cotf^ >- > -v ^IISco^x > > ^Ptlgcoi^ $ J: 

JS2 2E«eoffif«E«3}H% 
9, 

±e*t- > is -Y ^mmmm* z (o$$m&&m \z , — st- 

S W ±coi? $ colNattffS 5r t T »i" 6 <t 9 JdER $ 
'C^9 , 

c«o*^>^ + /u»^cosK^v^^/u|»«(OiBS*5j; 

fc tiiPiSr c co^x v > -v vupf igJB— cottlSicoEpjp 
Jw.t oTSJW-TS 3 i iz X 9 . ±E»«ftt*Ji<o«ft<o 
.#|6iSrftiJ»-rs.-t 3trL-fcCtS:»«i:-r5BI**2 2 
EftcottfaiE**^ 

[M«4 2 8 ] ±E«tt#S:^ tp«*ttJ|i-<oBHBtt 
*«^b*9 , 

-LE^t 1 > -\- /HW16ti«fi c co3S»ttft:S ^ , —fll^- 
SJWicoS: coif BSttfrJl L t«t5 J: v CER $ 
4xfcl6l*{*EJiri* ^ i To > -V^WigJi-Cfe 9 , 

C CO > *V -Y 'IsVtg&m (Oif^yy-Y /UME*fiO i* £ *5 J: 

c>V^ fctttB* w cotK^ ^ v -v /^KffiJl^ com^co^AD 
J: oT^Jiff-r^ c t izx 9 , ±E*«tt*«<o«ft<7) 
#fl**JWi-£J: Olc Lfcd irS:t#ta^-r^It*«2 2 

[*Wco»tt*KW] 
[0 0 0 1] 

ttf«E«*ffi . KflCWffi*** J: C^W«E«*^^BB 
L, Wili. ll^fiKa^^y^igfflbr.fiFjg/jrtcOT-*) 

[0 0 0 2] 
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«»(O#flE*c0J]RHIwJ: 9*«»JC/J^S!ffc • 'iSigft • (EE 

[0 0 0 3] ^F»«tt^^y 4 Lttt, *«*7 7y> 
a^^FeRAM (ttttt«*5Fl»*tt^*y) ft£* 

^iffli^ntfc^j , $ e>#5 j^titg (tic isittr coffin 

^^e^Ji^FeRAMCij:, «TK:*-rj; o ft, *-co 

[0 0 0 4] < 77iV>a^^'J) 

1. • #i&*fwiMSy— h^-CO^ y h^. h n 

2. 1. ^*3V^TffiA»*S:±«f J: v (Mi 
tf, Fowler-Nordheim h ^^/Uffi AcO'flJffl ft if) % jjf^- 

fw-itfc, ismaE (-Bciovwi) #«&^-e*> 

tt-f 0S#sf £ ft 3 fc», /hM jkiw^.f ij i ft 5o 

[0 0 0 5] < F e RAM) 

^/u— /uco»aft»w43V^T^*iJft*fl=Tfc5 0 
"<"ft*3*>M«»t-C#ftv^ *^f#itt L tfiDRAM 

gH(C J; «9 . H«Stt:Bi* 2 OMb/inch 2 T**>5 <b fc 

[0 0 0 6] ^ix^^^^SrW^ftv^ffilgti^^eU i 

ttfi^ft g $n*&«)fcC0^, rffang et al., I 

EEE Trans. Magn. 33(1997), 4498 J ^ilTt ^ 

J: 5 ft, MR AM (Magnetic Ramdon Access Memory) £ 

[0 0 0 7] MRAMtlt fittttff^bftS»/hftSB« 
ififcSriSfliJffHcEBU -tco#^(wT^-fe^-C&5 J: •) 
ftie»fr*bfc«itt*r5«»«*BEtft*^T-*)-&< s . 

fcJ:tftt*aLffl*|*( try htt) coW*(z 



)o R^tUL«i«SE««a«S:*JfflLTtT9 0 M 

RAM{im3^ s *^T^5 7t^^ftfSfk:^S^T*)^, 

ftl^U f^SJ<OS.jlftKft^4>*it/v^<£fflUftt\ ti 

R3S"C#> ofc^, OMR (Giant Magnetores i stance) 
S^TMR (Tunneling Magnetoresistance) ^^C03fjJ^ 

[0 0 0 8] <t l6^^WMRAMC0##^Jft|C 
tt, S?>ftSi«m«{t:Sr%*^:BRtc, *K«4ffl«jS^ 
fffc-t-So i-ft^*,, KIMifblcJ:o-CEIl3*siBl<4* 

»#a*i»*cat-t-r t co-e^s BjMtstttasT 

H*fcTtf*afc»4^w£T*>5 0 . C;h,ttttF«E«* 
*>coii % ft^ST-tf—Aoo J: 9lwft5C fcj&s-c#ftv*fc 

WWl-GSJK^fcfl . MRAMco*#4X*i:45Snt) 
[0 0 0 9] CWfpltSlt 777y^^^FeR 

AMftirilsaJw, M»ft«»*iJ»co*.^ i toX, "Tft 
*>*,«8fttt#S:fiJ/fli-5 C t ft < ^ft:coSJ{»4:tT 5 - t 

4l-C*5>9, CTxtf TMattsonet al. , Phys. Rev. Lett. 
71 (1993) 185J lCE<fti54xrir^5 J: -5 fw, 2^CO?S^ti 

[ooio] z<ojjm±. im&ftmm(omn&)tei&& 

^> ^ t f "J ffl -T S {> CO T**> 5 0 C (O X o ft &E£f£{£/ ¥ 
»*/»««»«:«[■ Ufc«»*-ctt, 

M racoffiiStMJg^ Sr , M tf ¥fT^^ hRW-ft^ t $ 

'M^i**^ fcsatsawi Ltta-efcs. 

[001 1 ] 
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[0 0 12] t^S, a*W4tBSf^«co**$S:t#5fc 
ft, Wx(iSiS2nm, fifD«ft 1 2 5 0 0 G 
*) oo- s/>Wu-£3^£tCfc^T, 5c^q77^co^ 
SCJ: DlOOOe 5/ K) co(£®^£#xfc 

S: it t fc ft S flsffl -e * 5 fc ft Id 13 . 
J^o. 02m] /m 2 W±fc<"Cttftfe 
fti^ fc^fBW&tmicj; 9 jL«te>ixS 0 cco*£ £ 
K±coftSfffflSr^-*.5fc*|c:(i. Hill rj.j. de v r 

ies, Physical Review Letters 78(1997) 3023J \Z&>%> 
X *W«TfoS*#i*Sc9»S«*5]2. 5nm« 

T-e«< Tttfcbfct*w fcj*s#a*5 0 

[0 0 13]-*, *IB«^* y ri 

Lfc#b, ±J6fiO± 9 Sli 2. 5nm« 

J:5 4*W*»l:SK-C#fcfc I t '{> , ¥m»mb# 
igftjf fclfe|tP$§£ (c ft o T ^ 5 fc % xl 6 *i 6 fc ft . 
[0014] Cco^li, Sk±(D£ 9 &«*cr?ft«c0Ba 

tt*^ £ «tfci- &wfc&@ftfc-r£ 0 

[0015] 

* fc.±M»WU:»1-5 J: 9 ictfx > x -y ^l*ffi«tt«:E 
ft L , :^^ryyt ^KSSWcCO^T" > *> -y 'UKigco 

ic Lfcc fc «:»«ii-S«ftf«W*jS6-e*)-5 0 

[ooi6] z<o&W(o% 2 commit* mk&z&isM 
mt mmt t^mmmzm-r « £ o ic?^ > > -v /h*s 

Si* SrEB U c co^^ > •> -v /^MfKi^cO^T- >- *> y 



[0 0 17] CCQ«W<0*3(0«Wtt, «*fe#£r^trffl 

*« * EB L- fcfllig U £ CO jKt 1 >- i> * /upf Jgc 
cotf x >- •> v ^WttcoasWId iot, Wttff 

[00 18] weo«Wco*4co«Wtt- f&ttft£r^tr1S 

tt fc e& * fc nmmmzm-r 3 a 0 tc ^ ^ •> ^ /up$n 

Sifilc KB L fc tiliS 2r W t , :^^r>yt 
co^Kt" > yu»*<oaBI- .tot, Wftff Sr^tf liME 
coBSfkS:M»L, «tt*&*tp««E<^a{bW*4< fct 
-o & m 1 ^CW$BiStI^tT 0 X 0 lc L fc w fc Sr«p« fc 

[0 0 19] ^co^0^tc_fci>-Cli, ASfttcfl, ^ttft: 
«: ^CrflR Wld:1tl«lccr>9ftfiKttflcJB *s 4" M JB » c J: -=> "C ij^MI * 

ivtiftm mm &m t , > •> -v /^wstHttn r. comm 

S.$*5.ttJ c /*fcliffiSrfflffll-r-5 r fc tcj; 5 , attf*:§r 

n/cfs®«3t$:Wb, Tf^^iy-v^mmmm^zcomm 

co^^ >- ^ -V ^IWUcoiS $ J: O^/^ fc ttWS: 
c > > ^yupsiia^ co^^coppsnic J:otSJ»t 

■ossfk^tawwEBSrffiiai-rso fcs^^tt, m&fci: 
^mm^m^mA^mmmm^^m^mm^x 

o r » k s n fc fffjf ffi m & W L . ^ > ^> -v /up*_Sffi« 

KSS t > a- /bPfiicojS $ fc J: /c ^ - 
co^x ^ i/ -v /u*ffi«— co«»fiOHWoiw J: otB»t^ 
C fc ir .t P . ^fr««rtco«»co5S«i4&*il 
coJttfb^ftfl-WEfiSrWSli-rao 
[0 0 2 0] wC9«WIC*5l^-Ctt, B14*Sr^tp«J«« 

co?4fiS{4f*:Jitc, -ST-iia±coJ¥^co^t4*JlSr^ 

L-T«-r 5 i 9 i^eis $ nfc^^ > v /i-p*^/i-cfo 

fc X XI/ * fc tttii 4: HiU W -T -5 C fc i c ( t 5 , 5£ BttfrS co 
«Sft<o#|filSr»J»i"5^fc t>*>5o i:9ft*ttlci±, 

7tt v^ > > ^ /up$il®ifiEli • co3ft«ttfrJi ic , -S^g 
±<o» £ <D$m&»m frft L ttlt 5 «fc 9 l:ES $ ixfc 

«9 . C^^^>^-v^P$§gJf co#7^->-v-yuPf|g<Oig£ 
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*3 X U/% tzm&ZZCDTfsT > > -v /UWigJi'^cOlllftco 

PPADlctoTMW-t-ac itrj; 9 , »«tStMco«ffc«n 
SHKteffSd* b 4 9 , tf?- > > -v /uMtffiflHttcli c cr>5ft« 
i"5 i 5 (zgfitS $ thlZtb&fcmt>* b ft 5 > > -v 
ffiooH $ *3 X /c f^ijil £ - co -r > > v ^WfiJi 

[0 0 2 1] :(/)^C^^ 4 KIMrilt 

Srfijffl-r^, (fed ic^fyco 

[0 0 2 2] ±i&coj; 5^«riESnfcCCO«W»C*3V^r 
ft, «tt#fc*tr**tii»*fcttllB»WUtt't-5 J: •) 
IwE« L fc stf^ > v -r /upf SbM^cco^x v > -v /uptMIco 

t@ Sf^ffl ttSrF- j£ co^SM* BB -^i- S fc » , ^ co S-r # 

ft < «tt**^tr««co«ftS:8S(w»JWi-5 * #s iij 
Bgirft«9, Wxfi, «tt*S:*tr««(O«ftc0^<c< <h 
t-oSrffl^tlff «Eft«:ff 9 ^ ir ^*ThE ir ft S 0 
[0 0 2 3 ] 

[&H<oHftco?gtt] ccoj8Weo3Ufc?eite^o^ 
cO«loo.^»^»^J;aa«ltt|fte*^S:*t-, BlAli 

t° >coS C 5 > -v "C h £ a #NR£f*feS * ft if 
7- i, y iv \z * b° > IN 4- 1 (c jiHH-eip t T 

[0 0 2 4] wCO*ico3!16®JB(c*i^-Ctt. 
^tr«W ir fcliM*Wic» -T S J: 0 t^^K^ > > * 

«f4tf«:^trfB«i 1 fi. 2li<o§fc®t£f£/I l i 

a , i i btfjm&fntpmm 1 1 c izx^xftmstut 

«r-Sf tp«« l lco«ffi^««$nfc^«Wi 2 a *i.tt5 



.^ib -tt ^ y> «z &m ft s » & si -t- s fc tz , 

11 2 bidH&l 3^i2HS4x-C^5o 
[0 0 2 5] l^S, @2 AfwijW-.fc VlZtll 3iZiEc0 

b<ox -)tzft^ 0 ^600$^ s ^ i>*— 9 , % 

tef££atr»M*$ 1 1 ^^^>">-y/up*|g«Jgcl 2irco# 

sa*. «EEJ=pflmtr<0v b ^bv h 'cwoti^o c 

CO^^filHg^^-'eii, C (O ^T- > -V /L-PtigCOi^ $ COM 

fflcoaBlwS*5il:5 C ir 

[0 0 2 6 ] ^^'C\ ^->-v/uSS^(OB!$co«'>^ 
.fcoT«tt#*^tf«*l 1 coBS^t@S^fflAS^IH$-ti: 

ir 3mH& m+mn Sr«j* f ^ *«144»K ir coffl^^ b 

If, BlAKfe^m ±8EcoW«««a*BSf^ffltwJ: 
ot, S8Stt(*Ji 11a, 11 b<0«ft#£lMcR¥f? 
(zft^.t :}ftid«-eS5E^l:^4^-cv^5o 

[0027] ^^^^^m^r j ir-r^ ir , j mm&& 

£B L -fciftlf K ft ^If^C^lT ^Mtb-r 5*&*fc 
5 C ir b lit ^ S o - coiggg (Z o ^ T tifiT-^Fj^^E- 
r'/KZ.t Sstt^J^ftS^L-Cl^ (P. Bruno /Journal of 
magnetism and magnetic materials 121 (I993)'p. 248ft 

ir') o nm&&R,+mm* &mm*m. mm. 

C ir Jw J: otjiW 0 J: 3 *SSE«S:«* 
-r 5 & 5 ^ , ^ /u ^r'co±# €r g^-r 

^ * 3ft«ttfWi f wis it 5 fi^- >K-r > •> v /Hi x tr° V60 r&] 

* ( z .t o T m ft S A . %M&#m& Wfr&Ri 

ir R Wf law Ltl^tt^t "CI* ±lEco3tftjft JgjBiS; 

[0028] u^Lc^«ff«cseti-5 jco«fktt, mm 

* '/a +■ <^ jS"l c/.) / < =? * - S: m ffl 5 *s 5 o c co M 

i «o**?gffljwfei^rii, m-T-^a^F-^^MRtt^^^ 
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[0 0 2 9] -fteteh. W 1 ClSttS^^S/^/uMEH 
T, KttffSr^trStt 1 1 £ #^>v'-wi'l^§ifp$c 1 2 

* tt^ f k"e *> o T t ««« E ffl ct) *w ( z o 
ft If 5 c i:*s-C#5o 
[0 0 3 0] ^CO^I C0^*S^Si-*5lt^^X>'>^/U 

m 3 <^««iiiR*s^£«c j , mmt&mm i2a^i 

U SSfiSttflcJH 11a, llbtltF eiSrffll\ * 
fflJS 1 1 c^^I/Mi 1 2 a t UAui^l\ Ha 
BSS 11c coJ¥£ d = 1 . 4 2 8 nm, §£®t£f*:Jf 1 1 
a, 1 1 bC0i?$ 1 = 2. 0 1 6 nm, 1 2 a CO 

t = 1. 8 3 6 nmt Lfc 0 Sfc, ^MtfrJI 1 2 b 

*«*Wf 1 2 b tC0#ffi60^ 3 y h^-KSCOWSfi 

0. 5 9 e V-Cfc5 0 H3«C*i-J:0tC, ««1 

-0. 0 1 9 m J /ra 2 T'fcofctO^, li 1 3 {C 1 
3. 8 VcoHEESrfn^D L/cS#(C{aW= 5. 6eV^i 
•9 . Jt<D&f J = - 0 . 041m J /m 2 <t ft 9 , SIEEPP 
ADSft^^ J co^ffcite- 0 . 0 2-2 m J /m* "Cfc 9 , 

[oo3i] u±<ox -) \z % zcnm i (ommmmzxti 

fi* «tt#fc*tp«« l l tSrt-SJ: Oirtfir^-y^ 
P»S«tt 1 2 «rK« U Cco^t 1 Xv^/uffciMWSi 2 

co^^^v-^/uptii^m^i 3^«ESrPnip-r5^, ^i- 
J:^au z(D^mizx^x. m&fc&^tfmm 1 1 

cofiBtffc, a#ft«wttttSSttfl5:Ji 1 1 bco^ffc&fMrTS 
J: 9(CLT^5C0T% t£*co£ -^CiS^ffli^i £ft 
3feKtt«J|l 1 b (Dmik&'&^izmfflTZ Z t &X 

^5>, «BEfinAD«cJ:4A*S:fTvfc«)er)«ffil 3&mM 

[0 0 3 2] H4tt^co*W«o)B2co*t6?KIB(wJ:S« 
«flMB*-?-*Si- 0 cco.«2coltlS»«BJc*3v^x«. ffi 
1 coH^ftg^ i S«tft1Mg*?cQfltig & J: 9 Jlftft: L 

*B*^*il^Ttt\ IS2 1 TA6IB2 2a, 22 

«8f4**£tr«tt2 3^iEBSiitJo9, ^toi^jg 

124a fc'J:0<*»tMI 2 4 b^^ft-5^f^>>--V'/upf 



[0 0 3 3] m&2 l Jr LTIi, «itf, BMfc-e^s/ 

So TiftJl2 2 a t LTfiWx.fi« (Ag) R, TJft/i 
2 2biLT(^mf4 (Au) RSrfflV^Cfc^-e* 
CJx^cOTffe/f 2 2 a , 2 2 b fl^H<bcO±/f cOfig 
^^fiW(wff') tzfo<Di>(DXfoZ>tf^ MWUzfoCX^ft 
LXt>£\*\ Zt%b(DT*&m2 2 a , 2 2 b ttT»«« 
tirffl^5:tfC#5. f*® 2 3 a , 23b 

<t L"Cfi % Wx.fi, & (Fe) , (Co) % ~ 

(Ni) &£i>'^4x<bco^^ £ 'bdttCJx'bco 
tg* 4* a triHfe ft if ffl V ^ - i: A> -5 o co 4 1 

RM2 3 c t LTfi, Wx.fi. i (Au) , I (A 
g) , m (Cu) , tx22* (Cr) , /Ut^^A (r 
u) , T^^-trU* (A I) ftifco»i&JR-^»»&JRft 
ircoftrt^b, m&^M2 3a, 23 b WfwB»W* 
StttttaEfls/flaMiK i Oftffl^fciirt ftSfccoS:^ 
Tffl^So *^^-> + ^l»i81H*2 4S:«riti-5A«Ji 

2 4 a*Jj;tf4MS{t:«2 4 b t Ufl>3 h^— 
SrffMi-^^cO, WX-fi-tft-enA (Au) jo^t>*^Vu 

[0 0 3 4] AS!Wft— ofiowefi, S«2ifiJ¥^5 

0 0 jw mCDMgOSS, T«61 2 2a fi/?$ 1 5 0 n m 
cOAgR, Tti!i@2 2 bfiJ?S 1 6 nmiOAul, feM 
f^i$:S2 3u, 2 3 bli/?$ 2 nmcOF eR, #^itttt<30 
^r 0 1l2 3c[ll|^l. 4nmc0AuI, Ml24a 
fi*£l. 8 nmcOAuR, Mtti2 4 bfiJ?$ 5 n 
mCOnUG el, 111 5fiJ?S 1 0 0 nm<OA 1 It 

[0 0 3 5] H5l4wCr)«W<Z)J|5 3C035Jfc»(iJcJ:5W 

ft«ie*^4:^i-o cco«««sB*^f4 % m2<Dmmm 
mz£z>m%mi&m*\ziot-tz&mm2 4 a ^^s&bfc 

fccOKtBS-t-So i-ftfc*,, H5fw.^-r^9fC, -coa 
«*ie*-T-lJ:*5V^r«:, *«3i±fc:, TitBJl 3 2 a , 

3 2bt^lt, 2|(OH8ttM3 3o l 3 3b» 

«ttco^n«3 3 ciCctor»Ht*nfc«»«lit^fe«: 
5, «tt»:S:^tp««3 3^E«$ixT*3 9 , ^co±(^ 

*«*i3 4* # »iaKs*L, *6fc*(o±fc**3 5^e 
Ksnri^o -coif^. 9*«tt*« 3 3 b <t 

?>coft«tt*a3 3 bti±tf*i*i3 4A*7}fxViX-y 

I00 3 6]Sfi31, TflfiiS 3 2a, 32b, 
*S 3 3 a , 3 3b, mm^cO^mm 33c, 
3 4tuJ:t/m®3 5 i L'Cfi, *2cr>HJ6^<fiiiai«* 

[0 0 3 7 ] Bl6fic<^JBWco«B4 0|tll6»ttfcJ:4« 
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2 4 b k K .£ Z> > a y b *—mm<0{Xt> <0 CftttttBi 
ffli\fcfc<0tztB£i-So -Tftt^ 12 6 J: 
wC9««««e*-T-|Z*i^Ttt, S*S4 1±(c, THS14 
2a, 42b Sr^-LT, 2 if co^&ttfWf 4 3 a , 4 3 

MM* Kf4frS:^tp®«4 3^E«d?4iT*;») . 

-tco±tc|ft|fttt:«4 4^E»3ii, S co_hK:Sti 
4 5^iaHS*bT^5o CC0»g\ «8*l4 4tf*f 
> is -y vupf SfH« fcflKfc -T 5 o 

[0 0 3 8] Sffi 4 1 , Titfe* 42a. 42b, 
ffl43a, 4 3b, ^KttfiO"t«HIJi 43c *3 J: tWWS 

ktfx$z 0 ^t*l4 4 t b-cit, fflxitf. mtr^ 

^^^-A (AU0 3 ) , BMfcir'J*.* (CeO a ) . 

S£fl^^**>^/> (MgO) , iSft;/x-7^i>A (Hfo 

2) , mt^^** (TaOo) ft if&ffll^£ t^ST- 
[0 0 3 9] 0 7l4CCO«Wco.!K5(O||*ffiJfli^ t t5fl| 

^2 4 fccoiTBBiRSriSfcU SSWc^v^-f/upt 

Til5 2a, 5 2bfc^LT l ^«M5 3aJb' 

1 U&miS 5 3 b ^ h ft 5 ^ -V ^PtiS nHA^c 5 3 ft 
ESStl, *:<0±fc, 2Scr)3aKtt(*:ii5 4 a , 54 b 

^#«ttwtwi5 4 c iz x o r ftm $ ivtzmmmm^ 

[0 0 4 0] £tf 5 1 , TlfiJB 52a, 52b, ^gffc 
■ 5 3 a , 5 3b, ttttttfltfl 54a, 54b, 

im&<otpmm s 4 c tsxvntes 5 1 ltk; 12 co 

[0 0 4 1 ] !3 8(±^cO«McO!K6cQ.S|]fc?gllBtz t t5« 

l»«-J:S«**llfiSlf-¥'ic*iJt5&«Jl5 3 a SfRUfc 
4)CO{zt@^r5, i~ft;b^, H8tc*i-J:0ic, zcom 

&Wmm*\Zt5\,*X\* % S«6 1±{C, T^S6 2a, 
6 2b£^LT, **M6 3ASERSn, *co±lw, 

2 Jico5$BH4ffcS 6 4a, 64b ^IPSStt^^MW 6 4 

6282 3 iit t * 5 , - coif £ , 4^ffcJi 6 3 k ftttttttJI 
64 a fcc0WJc->g y V *~f$mWtfZiSilX& •) , £ 
4xe>co^3gffcJi6 3*i\tO^«tt*/l6 4 a //>>t?ir>-> 

[004 2] HS6 1, TJtfeS 6 2a, 62b, 
163, 3&fi£t£f*:Jf 6 4a, 64b, INfiStt^'t'WlJB 6 

4 ci3J:tfl|(l6 5 t l T f4 , *2co.*tSifli?JBt|Sj«/j: 



[oo4 3] m9i±zco&w<Dm7<ommmmtz£?>m 

flB^ t ta«««ffi* : f-*w*3*t5&*aill5 3 b fc^agflcjf 
53oi f: J: 5 v- a : y h *—mm<oiXte 5 (:|&lft|i«fi£r 

Cfioa«««e*^-tz*3^-ctt, i«7i±i:, T*J17 

2a, 72b Sr^t" IT, iffilft ffrjf 7 3 ^EKSiX, 
i:C 2)ic05Sffit4*Ji 7 4a, 74 b^KttcO'fB 

174 c o x 9tm $ titzmmmm/)* ^> ft a , mt±& 

[0 0 4 4] 7 1 , TiffiS 72a, 72b, SSBfctt 

fti74a ( 7 4b, ^BSitcO* HIJI 7 4 c *3 ±t/«« 

7 5 t LTtt, .m2^)^agff^i:^ft ^co^ffl^ac 
fc*s-C*5 0 Wl7 3Htlt m4coHlfe^|g < h 

[0 0 4 5] Hi 0tt£C0«Wcr)«8(O|il(S^lBJJCj;« 

-C, EI 1 m 1 0 BttH 1 0 A60B-Bi» 

[0 0 4 6] ^cott^istt^^ii, g 5 -Hft 7 altl&B 

.t 5 ^m^Hg^^- 1 mmiz , > •> - Y ^mm® 

SrS*flB^H»tfc«JB«:i:o"CV»5 0 "t-ft^^, 0 10 

TSBm^8 2, #WffB8 3*3J:r/— 
ttSr#i-attSStt»il8 4#IK»:fl[iSntl^ 0 X« 

8 1 k LTfi, «2«0||*®j»tia]«4*,<O«rfflV^4r 
t^5 0 c*v?3cr>TSB«ffi8 2 id J: O^^S 8 3 

8 2*3J:^**/18 3fi, *ne><OMlr->g y V* — 

ttWxtf, TSBm^8 2liAu(: > j;^ 8 3 14 

8 5a, mW&fom 8 6 a *; «fc tf±&B«tE 8 7 a ^Sffift 

©e^^iT, mi <om$&&%MWf$i$ftx\,^z> <t %m 
8 6 b*sj:tf±»««8 7 bfrmfcmmzh 

T, »2(/.)*Sii^a^?|gfiS;$n-Ct^o ^1^0*#iA 
^«fB(C*3 1 >T f4 , **fiK14(*:Ji 8 4 *3 .fc a«SSfiStt tWB 8 6 

a ^^aitteo^m/is 5 a izx^x^m^tttzmmmm 

*ii^.a5(w*5i*-CJ4, ttttf±flcl|8 4ioJ:D«0!ai4W:Ji 
8 6 b ^*5ttt*W + MAl 8 5 b \Z£ oT»«SnfcWII 

[0 0 4 7] ttttttftff 8 4±JC[i$ 5,1:, ^2C0#^ 
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18 8, mm&ttm s 9 *> ±u<±{B«Bi 9 o mimmm 

£4xX, t&frtiU,M&BtiZ£t\,X\**5o -co*§3\ (gft 
ffc/f 8 8 *5 J:r>*ggffitt(*:S 8 9 rtSBE^ffl Lffico3fil8t£ h 

[0 0 4 8] r. .1 X\ BIS*i 86a, WffittffcJf 8 
6 b *5±VSB«tt*« 8 9 < , «ft36S@ 

tttfrS 8 6a, Rfltttflcfi 86b *3 X 0<8HKt£*Wi 8 9 

J: 9 t) 'h £ v > 0 8 4 co*t*4 t L x ftffl x. tf / > 

— vu-f (Fe-Ni ^) , jfEttttfr/l 8 6a, 
t£f£g 8 6b *5 ±c/8!«tt*Jl 8 9 toW*4ir LtliMx 
tfC o-P t^&S:fflv^S^fcjft:t?#s 0 
[0 0 4 9] ^cottttEtS^^fcl^TH, T8MW18 
2 t±a5ffiSg8 7 a 4fcli±«B«tt8 7 b ircoH^«ffi 
«rSUHlLXT»«S8 2fci^»fti8 3^6&&tf 
^ V •> ^BtfiWttW ^ > -v /u»aSrffiB|-r s ^ t 
\Z X 9 , II cO»$ii*SB«C*3*t5tt«Sttfffi 8 4 fc« 
8£ttftJB8 6 a tC0Mc0a«tWffi£f^ffl*fctt»2C0* 
*ii*ai-*3^5«Jc«ttffJi 8 4 £SSflBH4ft:/f 8 6 b t 

comcomntftteKim ttmm-r z> z. t a .t 5 k# 

Ktt C0*fflJB 85a, 85b C0J5 $ ft ff j&SSfittXX V * 

[0050] fct^ z^mmmm^zM-t^mmm 

5 0 - - Til, HI 1 Otc^-TJ; vie SU<0#£i£^35 
JC*3JtS««tt»:«8 6 a tt:0***ficoB3t«ffc«:W 
U JB2<0##ii*SB«c*5*t5««i4ft:Jl8 6 bttm* 

roj ^*tJ6$*5o ««<o#*SH«4-wni:iSJcLT 
t> J:^:tllf5 ^X^fttv, fit^ttJLSBcofl! 

8 9 \tm ft co m j£m\t £ w-r ® t <H5E -r 
[0051] &i\ »#a^8fefco^riftwt-5o ^ 

co*#ii^fflco±SB««8 7 a £: TSBfllaB 8 2 <hor>|ffl 
tk^ttftS 8 4 tiKKtSWi 8 6a <t cOfHco?£tj|j£ 
J *s o . 0 2 m J /m^ai £ * 5 J; •) ft flffi 
ai*p-T5o t5i, ft»tt*« 8 4 coBlftfiiilBSttflca 

8 6 a C08MbiEllM6j$tClSV\ H^^lfilfrrnKo C 
tUc^oT, ^*y-t:/KwtfHR r l j ^tSiiSnSo 
— **y-fc/McflHB roj S:»Siitp*^&^tt, * 
2co#^ii^.gB(0±SB«fi6 8 7 b 4:T8BfME8 2 ircoM 
ttttt$frj| 8 4 <t ?$fi&f£ 8 6 b i <ORgcoj£8MsS 
J # 0.02 m J / ra 2"«± i 4 6 .t 0 ft «EE & 

8 6 b<Dmittmcfa$izffi\i\ mtp&-)j z 

[0 0 5 2] ftH, ««Ott*tbU*S5^o^-C»lWi- 



SfcfcttiLKfi, tic»t£f£J|8 4<0«tffc#eii o 

«l«0**i&^ffl(O±»«S8 7 a Sfctt*2c0*#ii 
^»(0±««« 87bi ig^ffi L«<n±JB$«« 90i:co 

|6] ^ T ^ ro frttft % fa ^ ^, A>X\ t&mfcM 
8 8 *3 J; VRKttff Jf 8 9 1, ft 5 3*«t4 h 

cotiacco*:/j^S:ia* WAS Lfc-fc: > ^ T>zft£ tlz .t 9 ft 
ffi 'r ^ ^ i: -C , ^ !i -fe /u »c |E« $ nx -5 flMR g!^- 

[0 0 5 3] ^ c/>^ 8 co^JSff^ir J: 5«f«E«*^lz 
ffiLfc«SKcoteajl£j: OfT-) wt^X#5 0 fit, ffi 

ftv\ «»x»fflW4B** ; ey m«ctm 
[0 0 5 4] Ell ll*C«0*WcOJS9cr)*l(|»JBlCj:« 

x\ mi i Att^pffiia, mi i Biiai 1 acob-b^ 

( c o X co m E HI X £ o 

[ o o 5 5 ] ccottfWElt^tt, 18 coHllHglB^ J: 

»#iifr»co±c*2«o»§rii^«4r^ L/ci>coicffi 
S-fSo -t-/^^^, 131 ijc^-rjzytc, ccoffifREtS 
ill-^^Sot^xtt, SSlOUC, TgBK1^l0 2, ^ 
3$f$ri 10 3, SEffit^ft:^ 104a, ^attco + BBIi 1 

0 5 a feit/— «HK«**ttSr*-r5tt«tt*Ji 1 0 6 
^WftfirJl$4xXV^5 0 TSBffiiffil 0 2iJj;WWttI 

1 0 3^2ffx>->v/i-l«SfH*Sr«fiS:-rSo --X, T 
Sismffil o 2*3*^***1 o 3(*, *:frh(nm\zis 

Tttttti 0 2ttAui:J;9, 

1 0 3 linfflG e (l.fc 9fl?fifcSix5o WfflStt^ 
1104a, tpHSIS 10 5a ft J; 1061: 
.t^Sl ^**ii^SB^»fiR$^XV iSffittflcJi 1 
0 6</)?/f^^coJiic^. 3fS«54*{w/<^ — ix-ffcStLfc 

im&c/.^fflm i o 5 b , mm&fcm 1 o 4 b*sj:tf± 
^umffii o 7^wjfc«as4xx, »2co#$a*«^ 

J*$ixXlr*5o <0*Sii*SB(z*3t^Xtt. aflKttf* 

n 1 o 4 a *j,tt;ttatt(t:i i o 6 frftm&cotpmm i 
o 5 a tzx<>x'Tm$t\,tcmmw&/im&{t&i£trmm 

i^ffitSftJl 1 0 6 fc\fct*««i**MI 10 4b ^S^fitt 
ttco^BBJf l o 5 b«c.toX»«bnfc«S«ifi^»tt 
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[0 0 5 6] ttK&#J|l 0 6_h(Cfi$ fclr, m2(Om 
(HI 1 0 8-, BHBttttJI 1 0 9*3J:W±««« 1 1 0# 
£\ IfelSftJf 10 8 to J: twaffitttWi l o 9 ^BE^ffi L 

[0 0 5 7] C^T, RBtttM 104a, KfllttffJI 
10 4b jo ttfWrateflcli 1 0 9 < , gg 

Mmm&fcm i o 4 a , gHKttffcji i o 4 b*>«tvg[ 
i o 9 x 9 fc/hs ir * 0 (katttflcji i o 4 wtm 

f£jf 10 4a, sSfiSttfrJl 104b fci: VKBttM l 
o 9co*tfl-fc Utt«iHCo-P t*4tffli»5:i 

[0 0 5 8] Cc0««E«*^-JC*3^Ttt, 3S8co||J6 
^<BKJ:*m«IE«*^fc»fc9, ft l W»#i&**B*3 

S i o eco^ft^rrpisrjg^i-^- ttfx$te\,*<ox\ * 

10 5a CDl?£ TSBffiffi 1 0 2 C0«fitc0^T?H 
fittttWi 10 4a £ltt&t£f£JI 106 <!r wPalcofiB^UfttB 

5 booi?:${i, T»B«fiii o 2fcJ:uU:S»«Si o 7 co 
S*i:ifiS:4xTD]fttgItt»i 10 4b <ttkB£tt 

[0 0 5 9] ^cot»«H£ti^T-i3xt-r>5tS$R^«^iA^ 

ft5wi^"C*5IW\ mi cD*£S*ttco±lcfB2co 
tele $ P>tc#fiJ-e*)5 t ^ -3 3piJ^Sr»a :iast?S5 t 

[0060] mi 2itz<nmw<omi ototmrnrnzx 

^h7yy7> ?^f 0 ceo h^yy^^li, ffilERl.SD 

[0 0 6 1 ] mi 2lZnk-f£ -)IZ S ZCO h7^^i: 
*5lr*-CI4, Iffil2 1il:, 2Jfcoa«ttflEJl i 2 2 , 

1 2 3 /)>im&<Dtpfflm i 2 4«w.to-c»atsnfcarJi 
m%mi 2 5^^>->^/uwii»«s:««:-rso 

^«*12 8*5, 2«(09fi«tt*«l 2 2, 1 2 3^# 
Btttco4>m«il 2 4«=J:o-C»|»*JXfc«Jl«Jtt*« 



[00 6 21 SS121, SiKttftJB 12 2, 123fc 
J:tf*«t4co*W« 124t UXH, JB2«0*»»ffl^ 
*5ft5i«4 1 , ?S«tttt:S4 3a, 43 b*5j:t/*« 
*5t€0*PJ/l4 3 c tia«<Ct«0S:ffl^5c fc^-e*. III 

y-htti2 6tLrii 9S2(Dnm&mzis 

hf&ftKl 2 5 £ LTIi, m4coHi£^te^Jo 
tt5ffi*if$:/f 4 4 fcH«fc'fc<o*/flv*S - £#^#5. 

5*«t4»ii 122, 12 3&£mm&(D<pmM 1 2 4 

WAz&liZ)Tmm4 2 a , 4 2 b ilSI«ftfccoS:ffll^5 
[0 0 6 3] ccnhyyy^^C^^tfi, 3£^tttWf 

1 2 2 t5*Ktt(t:jf 1 2 3 tcomizn^ $m&<Dtpmm 

12 4^Lti^M^l^Tl^ 0 Ccofc^, 

htll2 6 ^iE<0«ffiSrBn*Pi-S £ , hlfilR 
ill 2 5 <!: 3£«t£ft:Jf 1 2 3 tcoJSLffi-e->3 5/ h^-^J 
*#fiC 9 , 5*«ilft:Ji 1 2 2, 1 2 3 dmqKttcQ^KI 
1124 fr^LT«/lSnfca»«|it^*3lt«««2fiJ* 

ti\zmmm&m>mt'*z>o f:t\ i^j^tf, y-^ 

t*l 2 7(c^L'C KK^tSl 2 8(^IEoomEESr^ 

9 , ^KttfrS 1 2 2, 1 2 3*5J:V*«tt<o«t"|IHJi 1 
2 4^6*5W*«igJci3*t5»fk<Ota»ft*^ieft 

[0 0 6 4] CCOlgl OcO^^ftlCctm^ Sf^COF 

*snr^s^tr^ h^^^^^ t*^9 , ajttt*^ 
[0065] ±^com 1 -is 1 0 <Dnw»mz&\, -xm 

[ 0 0 6 6 ] mmm<Dmn%jfmt, ^(o^zmmz 
vtcmmmcnmziznLxmmmzmt^zWf&fch 

5 £ i#*n&j|X"Ct*5 (C.H.Back et al. , Journal of A 
pplied Physics Hl(1997)5054) o Z(D^^(0&M\t, 
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5 0 -f**>*>, *«ttJB^T*^ffi^jfico^P8Pir:io(tSffi 
[0 0 6 7] -*-effitt*&ft#»± % ^ffittJi-Sffico^ 

[0 0 6 8] HT, wComffii-J:^^S^i4coSijffli^ 
4r^U Hi 3 AI*CC0»StttlSB^c0(tlfffiia, E}1 3 

fc 5 o ?ft»i£J| * <C if "CsKt- > -> -V 9V \z x t: 0 ^mm/)> 

^^m&iznmmx^ Lx*>s a 

[0 0 6 9] ^CO^l lC0H*»l»«C*3V^Xtt, 

*r*tp««i*«tt*«r^LT*i--B J: ')i:^ryyf 
^P»«««*E«i-6o ffcfefc, HI 3 Aic^-TJ; -5 
\z % KBttMi 3 l^Stttt*S:$tr««S:^j*U, * 
</>*ffilc:#ttte# l 3 2^SfiiSnxi^ 0 tf^vx-r 
/M»»««l±, ^HttttfrS 1 3 2co*ffiic«JB$nfclB 
8Ml3 3"eS)5 0 CCO/Kx^i^^/uBEfifiAjct I'C 
<o*fy*telf l 3 s^sKx^^^/ulWficoHSiaj:^/* 
fcfcMS 4:^18 £ its fc «>t^K/j!«iSL SrSpip-i-a fc tf> 
f&tfrJf 1 3 3±lC«f£l 3 4^iER$ixXV^5 0 
[0 0 7 0] Ml 3 Ad^rTJ; -5fC«ffi 134C 

IEcom/E*fflAD-rsi:, ^coah&cOTR^^^y/uBItt, 
Hi 3 Boo j; 5 C4^o Zcom^a y h*— 3»*tfsec 

v. im&&m i 3 2 fcsK-^^^^/uttiswtfctcoisLan 

b 'C7/5'otl^ a Cco^tSWtiSf^Xfa:. Z(O^T- 

>->-Y^m&<om^(om^i:. 1 3 ico«« 

[0 0 7 1 ] ^7 t ^->^/u|WacOi*Sco«^lwJ:oXa 
«tt»Jf l 3 1 ^««ft*tt^$«S-tte>ft5fflii % 
i-CtwiK^fctfciJX^So (Hi 3K:tett5&«ttfMi 
1 3 1 co«fb*ifiili, «^S^t4oo5S$^?FH-^xfc5 
fcWcJtWEtt^S^ST*) ofc cOJCxtL, Ull 4-CttflIEE 

of:: ir^^^ixX^S, 

[0 0 7 2] zn&iiz* zcomi 1 <ojiit«»(c.tn 
tf , 3£B$t£ffclg 13li, ^NtttttM l 3 2 Srfr LXtt 
-TS J: 9^^^^^^ptigMi^^ffi/S^S^^ 1 
3 3&IEBU C^^^>-^^/u|Jfig^igcc07K-r>">'V 



U ^co^a|(c.i:oX3S«ttficii 1 3 l co«ftS:*J»i- 
•5 J: -)(wLX^5cOX, Sf^coj: -){:IS^^5ci 

■t-S^frii 1 3 3 tt3£«&ttffcji 1 3 1 co^at-SBBi* 

^comffi 1 3 4SrS-B*wlEtti"aci:36S-es« 0 

[0 0 7 3] mi 5l±Z(D%£W(Dmi 2 coSHSjfgffifc J: 
SK^HMieSt^Sr^-i-o cco^i 2coHlffi?KI|8irio^x 
fi. mi l^lllfc^ll»*w.J:5««»l6*^<ofl|itS:J:0 
**fkLfcW»c:o^TIftW-r« 0 mi si:^^:, 

cco66^asflgig^-«c*jv>x^, sffii 4 i ±iz^ rmm 
i 4 2HMt, -i(o»»ttMi 4 3^iaia:stb$ 
*tx*3 9, ^(D^zm&fefcm l 4 4fcj:(;*fy-/t 
'H»»««Sr«Jifi;-*-S 1 4 5aSER$ft, $ «b 
t3^ca±{z«^i 4 6*E»4HTW5. 

[0 0 7 4] S« 141, TflfiJi 1 4 2 jo i t/3*«ftft: 
Sl4 3i:LXfi % »2co||lfi^«i:ig«/j:t<OS:ffl^ 
S^t^SSo *Btt#il4 4iUH A 

u, Ag, c u & wfr&m-^mm&m&m^** zt?y> 

StLTIi, »2C036*»(Bi:W«*<>O«:ffl^S^i: 

[0 0 7 5] 111 6f*::cO3§91c0»l 3C0HS£ff^^J: 
^l^iT-^^f, ^coKSCflMBJU-T-tt, ^ 1 2 co 
Xtt^fM(cJ:3tt«tt«g^^*s(tfi|fttftM 14 5^ 
6 * 5 # -r > /H»S««©tt;b 9 ^ ^fls: i 

fc<z>»ffi(c?^fiS;sns'>3 y h^~mm^m^^tzh(Diz 

t@S-rs c +<c4p^>, (21 1 6 iz.^-fJ: v (c. zcnm^ffl. 
mm+tZ^^Xlt. IS15HIZ, Tlfi/i 1 5 2 S:^ 
LX, -■co«B*ttf|eJi l 5 3^i2K*ixX*3 9, ^oo 
±IC|WttM 1 5 4&£X**m#m 1 5 5*Sffl*EK 
Sbtd-t«0±^1K«l 5 6^ERSnt^5« ^ 

[0 0 7 6] Ell 7ttCCO«0f«DjRl 4 co.3616JgtttC J: 

5«*«ib*^«:*-*- 0 zc/mnmmm+i*. 1120 

*tt?BIB(r*3Jt5»«ttf*:Jl 14 3, ^SSttfrH l 4 4 
fcJ:W^>->v^l«Blll*«r*^rsiftlt*Ji l 4 5 

e«Ufct>co^lBSi-5o i-**?*,, mi 71^-rj; 9 
(C % ^cO^^Hg^^-lCjo^Xfi, Stel6 1±tr, T 
ittfll 6 2Hnt ( ft&frSl 6 3A*&ft5sK^>S/ 
^r^WiS««^EKSib, *<0±«clN«tt*JB 1 6 4*5 
ctC/3S«tttt:a 1 6 5 75»WZfcEKSn, $ h\z^(D±.\z 
m& l 6 6 ^EK$liTt 
[0 0 7 7] Hi S^^cO^P^co^i 5coH*£^fig(Cj: 
5«*«ttfi*^-S:St-*- 0 CcoKSRWtB*^^, ^ 1 4 co 
^Jfc»ffl(-J:5«*«llB*-7-JJ:*5JtSI6*f*:» 16 3^ 
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h ta 3 *> =1 y h IKEficoftfc 9 K , ^igffc £ £JS t <D 

-r&o Eli sicst-rj: ok, cco»«-«fte* 

7 4fcJ:t/5jl«ttff« l 7 5ds«fcKKSix, 5 blw-ir 
1173 £*M£f£{*:)f 1 7 4 teojj^K^jSSnfcv'a 

[0 0 7 8] -CORWcOlSlftJKttJCoSAffW^ 
RBtt* s . wCOJBWli, ±*0361||[»flHc|H36Sixs 

[oo79] 'ft£t>h. ^wmmwmiz^^xmffr 
ma* mm, wm, tfnftti±fo< £x~i>mizm€'r* 
mc/sct, mm, mi 

* if ft A3 i ^ w 4: fc *T fig T- *> 5 0 
[0 0 8 0] 

[*P^co?a*l aiHSLfcJ; vie, ccr>*WJcJ:ix 
K /tf -r >-> 'HWfiMttSrEB L, C^^ryy -y /upf 

ig^co^^ > -v ^mmco^miz j: o -c , sst£{*:ft ^ 

ffc&»J»^3;i :iil: l l:oT < WEfiPSni 

5 J: 0 left 5 ft t\ a*coft*^*-r5*< cOBBaSr— 

[0 1] eto^cofg i colStt^llBJw±5«!B;*!l*E*^ 

[192] ^^*WoJSi<o|tlfc»tti-J:««««lfi*^ 
ft »rBn 0 is J; 0? «EEPP* D ft (OifiT> > -v /Ha 'C fc 

[0 3] w^«Ww*ico*llS»«^j:s«*«liiB*^ 
[04]- eo«gqeo» 2 0>£ttfl$fBl;: J; ftB«Mfig»?- 

[05 ] ^«mw(nmzvmmm^£zm%wntm+ 



ft^-rwfffi0"c^5o 

[06] - (o«^co« 4 <^isiis»««= j: s m%mmm* 

[0 7] i^cogf) comiiSTBfgK J: ^K^atfiB*^ 

[0 8] wCOJBWco* 6 co**?BIB*c J: 3«««fiB*^ 
ft.^-ri9fE0-C^5o 

[09] - (omwcom 7 (ommmmiz x zmMmmm* 
[010] z(D^w<Dm8<DmmwA^£zmmmm 

■T-S:*-*-¥B5Bli3.tV»BBia-Cfc5 0 

[011] wfiO*W«0*9coSllfi»(|||z.tS««|Ell|Slf 
-t- ft ^^ffi 0 J; LK»f B5EI 'C 5 0 

[012] zomwomi a(nnnjtm\z£Z) v=7i^j 

[013] wC0«W«>*i ico3llfijgjB(cJ:5«4WllfiB 

[014] wCD*Wc0j»l ico*«g^J»«cis««ttltB 

[0 15] wcr)«W(OJB l 2coHJfiJB)|8(c4:5«*«l!B 
[016] ecofp^cofgi 3co.3llft^»tcJ:5«*ttlfi6 

[017] z^m^mi 4<ommwm\zx!bmnmm 

[018] cco*Wco«i 5^)||Jfe^ttlcJ:e««Mtt 
[W^cofftW] 

1 1 , 2 3 . 3 3. 4 3, 5 4, 64, 7 4 • ' ■ 
f£ftati^i!&, 1 2, 2 4, 5 3 ■ • • tfT^v'-f/HW 
ii«t, 2 1, 3 1, 4 1, 5 1, 6 1, 7 1, 8 1, 
10 1, 12 1, 14 1, 15 1, 16 1, 171 ■ • 
• XtfL 2 3a, 23b, 33a, 3 3b, 43a, 4 

3 b, 54 a, 5 4 b, 6 4 a, 6 4 b, 74 a, 7 4 
b, 122, 123, 1 3 1, 14 3, 153, 16 

5,i75-.. mm&ttm* 1 1 c , 23c, 33 

c , 4 3c, 54c, 64 c, 74c, 85a, 105 
a , 10 5b, 124- • • ^mm. 12a, 24a, 

5 3b«.. , 12 b, 24b, 3 4, 53a, 

6 3, 8 3, 1 0 3, 1 5 5, 1 7 3- ■ • #>gtfcjf , 

4 4,7 3, 1 4 5,1 6 3... f&ftfrJI 
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imi] 



Vb 



CO 



mhm 

12 4 
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11 -i 11c ^ 
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asm** 
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[0 2] 



CD 
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12 -( 
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12b. 



12a. 



11c , 
11a , 



Stan** 



[@3] 



40* 



2(T 



-20- 



-40x10-3 



-0.019 



|d-lv428nm 
i=2.016nm 
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UleV-r j 



•-0.022" 



-0.04 J 





W(eV) 



Au/n-Gc>3 9 :0.59eV 



81 



— i 
10 
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m\\ 2 0 0 1 - 1 9 6 6 6 1 



im4] 



imr>] 



23 



25 fctfc 

24b 

• 23b saati** 
23c 4>mA 

2Za TiAS 

2! as 



33 



- 35 -mm 

• 34 

• 33b sstaefts 
-33 c <pmm 

, 32b TJ4* 
. 32a T*» 

' 31 



[BD6] 



[17] 



tK"T >-> v^u 
*««« 



43 



.40 *& 



5<H 



- 43b amst* jv 

^ 43c tpmm tff- >*'-*/!' 

^4 3a ailtM 

^42bT«Wi 
-42aT*6» 

-41 fi* 



53 < 




ims] 



[0 9] 




74 




imi 4] 



134 



133. 



132- 



131 . 



4M*« 
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^2 0 0 1 - 1 9 6 6 6 1 



[El 1 0] 



[mil] 



B7h 84 87a 



110 108 107 



3^ 



.J, 



,t_. 



J. 



11205 




*2« 
I J 



W1<D 
«£2**85 

^ — H 



a 



87b 

eat 

85b 



^B7a ±nwm 

, 86* 9ISt» 
, 83a cfM 
, 84 «tfit$*» 
. n **1*« 
. 82 T»«tt 

, 81 £K 



B 



±M« HQ" 
lfcl§#tf 108 ' 



. 107 ma 

, 104b JftKttfMI 

, 105b <*>nui 

^ 103 

„ 102 T3«* 
, 101 M 



[11 21 



G 
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/ 123 



125 

D 
a 



126 



122 
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[Ell 5 J 



121 



[El 1 6 J 



123 
ttfS&ttJB 



-145 m,m*m 

'144#flWfctt» 
' 143 Sttt&ftfll 
.142 TttJB 
.141 S|& 
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^2 0 0 1 - 1 9 6 6 6 1 



[Hi 3] 



1 








Vh 







132, 



I 



1 



[12)1 7] 



-lee urn 

■ 165 &IBtt#E 

163 

- 162 TH&S 
.161 £t£ 



[018] 



-175 5S*ft*B 
'174#«tfctt» 

'173 

• 172 T*J§ 

.171 



